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HIGHLIGHTS 



General 

• In 1983-84, there were about 470 operational pro- 
grams in emerging engineering areas (i.e., comput- 
ers, materials, microelectronics, robotics, manufac- 
turing, and biotechnology), averaging nearly four 
programs per institution. 

• The most numerous were programs in computers, 
followed by microelectronics, and materials. The 
least numerous were programs in biotechnology, 
followed by manufacturing. 

• These programs employed over 4,060 faculty, aver- 
aging nearly nine faculty per program. Compared to 
total faculty in engineering programs, the faculty in 
emerging programs were somewhat junior in rank 
although nearly one-half were full professors. One- 
fifth of the total faculty had non-U.S. bachelor's 
degrees. There were more foreign-trained faculty 
among the junior than senior ranks. 

• Programs enrolled about 7,500 doctoral students, 
averaging just over 16 students per program. Nearly 
one-half were non-U.S. citizens. 

• Seventy percent of the programs were in public 
institutions. Public and private programs employed 
relatively similar numbers of faculty, but private 
program* enrolled more doctoral students than did 
public programs. 

• About one-half of the programs were located in the 
50 institutions ranking highest in doctoral produc- 
tion as well as in the top 50 in terms of research 
expenditures. Programs in these institutions tended 
to have larger numbers of faculty and doctoral stu- 
dents than did programs in other institutions. 

• Although three-quarters of the programs in emerg- 
ing engineering areas engaged in faculty recruit- 
ment activities during 1983-84, over one-half re- 
ported faculty shortages. 

• Nearly 30 percent of the programs reported that 
non-U.S. citizens comprised over one-half of their 
faculty applicant pool. The most mportant source 
of qualified applicants for faculty positions was the 
pool of new doctorates from U.S. institutions. 



Program Highlights 

• Biotechnology: 58 programs, averaging seven fac- 
ulty and 12 doctoral students, with private pro- 
grams having more doctoral students than public 
programs. Three-fifths of programs report faculty 
shortages. Lowest proportion of non-U.S. citizens 
among faculty, faculty applicant pool, and students. 

• Computers: The most numerous with 96 programs, 
averaging 12 faculty and 20 doctoral students. Pri- 
vate programs larger than public programs. Heavy 
faculty recruiting in 1983-84; the least likely to 
report shortages with only 32 percent indicating 
unfilled faculty positions. Compared to other pro- 
grams, more non-U.S. citizens among faculty, fac- 
ulty applicant pool, and students. 

« Manufacturing: 59 programs, averaging eight fac- 
ulty and eight doctoral students. Fewer than half 
report faculty shortages. Relatively large concentra- 
tion of non-U.S. citizens among faculty, faculty ap- 
plicant pool, and students. Nearly three-fifths of 
doctoral students are non-U.S. citizens. 

• Materials: 86 programs, averaging 1 1 faculty and 20 
doctoral students. More likely than others to be 
housed in private institutions. Programs in private 
institutions and in the top 50 institutions by re- 
search expenditures much larger than programs in 
other institutions. Heaviest concentration of full 
professors among faculty (62 percent). Heavy fac- 
ulty shortages with 80 percent of programs report- 
ing unfilled faculty positions. Relatively few non- 
U.S. citizens among faculty, faculty applicant pool, 
and doctoral students. 

• Microelectronics: 86 programs, averaging eight fac- 
ulty and 15 doctoral students. Private programs 
larger than public programs. Over one-half of the 
doctoral students are non-U.S. citizens. Heavy fac- 
ulty recruitment in 1983-84, but over two-fifths 
still report faculty shorties. 

• Robotics: 64 programs, averaging five faculty and 
seven doctoral students. Somewhat more likely to 
be housed in public institutions than other pro- 
grams. Over one-half report faculty shortages. 



ERIC ix 12 



B ACKGROUND 



The importance of engineering in the development 
of technology is widely acknowledged. Recognizing 
that much 01 the nation's economic, technological, 
and industrial leadership hinges on the innovations 
and technologies provided by the engineering profes- 
sion, the National Science Foundation has been de- 
voting special attention to engineering education. The 
availability of qualified faculty, the scope and number 
of engineering programs, and the production of docto- 
rates are among the subjects thai nave been studied. 

Colleges of engineering have been establishing new 
programs in a number of emerging areas that have 
applications in production and manufacturing. Al- 
though previous surveys have documented some 
shortages of faculty in major engineering fields, infor- 
mation on emerging areas has not been available. A 
primary purpose of this survey is to provide reliable 
baseline data on faculty, programs, and students in 
selected and rapidly developing engineering spe- 
cialties. These include, for purposes of this study: 
computers, materials, microelectronics, robotics, 
manufacturing, and biotechnology programs. 

The term "program * was defined as "an organized 
instructional activity leading to the Ph.D., Sc.D., or 
equivalent degree." The programs could be adminis- 
tered either separately or as areas of concentration 
within established departments in engineering 
schools. 

The study population was defined as all institu- 
tions of higher education that granted at least one 
doctorate in engineering in 1981-82 and offered doc- 
toral programs in emerging areas. Of 142 institutions 
that granted doctorates, 19 reported no activity in any 
of the emerging areas, reducing the study population 
to 123. The national estimates presented in this report 
are derived from responses obtained from 96 institu- 
tions (78 percent response rate). Respondents in- 
cluded deans of engineering schools who completed 
the first section of the survey questionnaire, provid- 
ing data on the number and type of emerging pro- 
grams, and program heads who provided detailed 
information on faculty and students. A copy of the 
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survey questionnaire is presented in Appendix A. A 
description of the survey procedures, including sam- 
pling and weighting, is found in Appendix B (Meth- 
ods Summary) and Appendix C (Technical Notes). 

The survey was designed to provide information on 
the availability of qualified faculty, including the sup- 
ply of doctoral students, in emerging engineering 
areas. Institutions were asked to report the total 
number of faculty recruitments in progress and com- 
pleted during the 1983-84 academic year and to indi- 
cate the sources of qualified applicants and their cit- 
izenship. 

The report presents national estimates for the pro- 
grams, faculty, and doctoral students. It presents in- 
formation on organization and location of these pro- 
grams. Whenever relevant, comparisons are made 
between programs located in public institutions and 
those in private institutions. Information is also pre- 
sented for programs in the top 50 institutions that 
granted the largest number of doctoral degrees in 
engineering in 1981-82 as well as the top 50 ranked 
highest in terms of research expenditures in that year. 
(TWenty-five institutions of higher education appear 
on both lists. See detailed tables 1 and 2 presented 
after the text for lists of top 50 institutions.) 

Readers are reminded that the national estimates 
presented in this report may underestimate the 
number of programs, faculty, and doctoral students 
involved in emerging engineering areas.The survey 
population consisted only of programs located in en- 
gineering departments. The report does not contain 
information on programs administered by other de- 
partments or schools, such as, computer programs in 
computer science departments and biotechnology 
programs in schools of medicine. Moreover, informa- 
tion was requested only for those /uJJ-time, regular 
faculty employed by the institution who were in- 
volved in the emerging programs in one capacity or 
another. Some programs may hire large numbers of 
adjunct faculty — such as personnel from industry in 
manufacturing or materials programs — who are not 
accounted for in this report. 
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F INDINGS 



Program Organization and Location 

In 1983-84, the doctorate-granting colleges of engi- 
neering had about 470 operational programs in 
emerging areas, averaging nearly four programs per 
institution. They also had about 30 authorized but 
non-operational programs (see detailed table 2). 

Public institutions administered 70 percent of the 
operational programs (see table A). The 50 institu- 
tions that granted the largest number of doctoral de- 
grees in engineering had about half of the programs, 
as did the 50 institutions with the largest research 
expenditures. 



in the departmental distribution of specific programs. 
Biotechnology programs are most likely to be admin- 
istered by departments of chemical engineering, fol- 
lowed by departments of bioengineering/biomedical 
engineering, and electrical engineering. Programs in 
computers are usually located in departments of elec- 
trical engineering or computer engineering/computer 
science. Materials programs tend to be housed in de- 
partments of mechanical engineering, chemical engi- 
neering, and materials science and engineering, in- 
cluding metallurgy. Programs in manufacturing are 
usually found in departments of mechanical systems 



TABLE A— Percentage Distribution of Programs in Emerging Areas in Engineering, by Control and Top 50 Status of 

Institutions 



Top 50 by Top 50 by 

Control Degrees Conferred Research Expenditures 



Program Area 


(N) 


Public 


Private 


Top 50 


Other 


Top 50 


Other 


Total 


(467) 


70 


30 


48 


52 


51 


49 


Biotechnology 


(58) 


72 


28 


48 


52 


51 


49 


Computers 


(96) 


69 


31 


48 


52 


48 


52 


Manufacturing 


(59) 


78 


22 


53 


47 


56 


44 


Materials 


(86) 


64 


36 


46 


54 


50 


50 


Microelectronics 


(86) 


69 


31 


46 


54 


48 


52 


Robotics 


(64) 


75 


25 


50 


50 


56 


44 


Other 


(19) 


68 


32 


37 


63 


47 


53 



Reference: Detailed tables 2 and 3 



Computer programs were the most numerous of all 
the programs in emerging areas, comprising 21 per- 
cent of all the programs, followed by microelectronics 
(18 percent) and materials (18 percent); biotechnolo- 
gy was one of the least numerous, comprising only 12 
^ercent of the programs (see figure 1 and table B). 
Nineteen miscellaneous programs were categorized 
as "other" and include programs in laser holography, 
hydrology/hydraulics, transportation, construction 
management, hazardous wastes, ocean engineering, 
and industrial and management systems. 

Sixty-three percent of the institutions responding 
to the survey reported that they had doctoral pro- 
grams in at least three of the emerging engineering 
areas; 22 percent had programs in all six areas. A list 
of institutions offering doctoral programs in emerging 
engineering areas appears in detailed table 4. 

Programs in emerging engineering areas are often 
administered by different departments at different 
institutions. There are some general trends, however, 



TABLE B — Percentage Distribution of Programs in 
Emerging Areas in Engineering, by Control of Institution 





Total 


Public 


Private 


Program Area 


(N = 467) 


(N = 329) 


(N = 137) 


Total programs 


100 


100 


100 


Biotechnology 


12 


13 


11 


Computers 


21 


20 


22 


Manufacturing 


12 


14 


9 


Materials 


18 


17 


23 


Microelectronics 


18 


18 


20 


Robotics 


14 


15 


12 


Other 


4 


4 


4 



Note: Percentages may not sum to 100 because of rounding. 
Reference: Detailed table 2. 



or industrial engineering. Finally, programs in micro- 
electronics tend to be administered by departments of 
electrical engineering, and robotics programs by de- 
partments of electrical, mechanical, industrial, or 
aeronautical engineering. 
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Respondents were asked to indicate other depart- 
ments or units outside the engineering college that 
cooperate with the emerging programs. Biotechnolo- 
gy programs were the mosUikely to have cooperative 
arrangements with departmtents and units outside the 
engineering college. They reported 17 such coopera- 
tive efforts, eight of which were in schools of medi- 
cine. Engineering departments with computers pro- 
grams were also likely to have cooperative arrange- 
ments with other computer science departments. 
Robotics programs were ihe least likely to have coop- 
erative arrangements. Only two were reported: one 
with a computer science department, another with a 
psychology department. Most often, departments co- 
operating with engineering programs in emerging 
areas were in the natural sciences (chemistry, physics, 
mathematics, medicine) or business. 

Within the six areas, institutions were asked to 
identify specific program specialties. Computer pro- 
grams generally reported specializing in software de- 
sign, artificial intelligence, and computer architec- 
ture. The specialties cited by materials programs 
included polymers, metals, and electronic materials. 
Microelectronics programs focused on artificial intel- 
ligence and integrated circuit fabrication. Manufac- 
turing and robotics concentrated on computer-as- 



sisted design/computer-assisted manufacturing 
(CAD/CAM). Robotics also included artificial intelli- 
gence and kinematics. Biotechnology programs cited 
biomedical engineering and biomaterials as program 
specialties. 

The information on program specialties within the 
emerging engineering areas suggests that the six areas 
are not mutually exclusive and that there is consider- 
able overlap. For example, artificial intelligence was 
cited as an area of specialization in computers as well 
as in microelectronics and robotics programs. 

Faculty Composition 

About 4,060 faculty were employed in some 470 
programs in emerging engineering areas, averaging 
nearly nine faculty per program (see tables C and D). 
Not surprisingly, the larger program areas had most of 
the faculty. For instance, computers which accounted 
for 21 percent of the programs, claimed 27 percent of 
the faculty, averaging 12 faculty per program. In con- 
trast, robotics, which accounted for 14 percent of the 
programs, had eight percent of the faculty, averaging 
only five faculty per program. Computers and mate- 
rials programs had more faculty than others, while 
robotics and biotechnology had fewer. 
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In general there was no difference in the average 
number of faculty employed in public and private 
programs, except in robotics which averaged nearly 
two more faculty in public programs than in private 
programs. Programs in the top 50 institutions had 
more faculty than programs in other institutions. For 
instance, programs in the 50 institutions that granted 
the largest number of doctorates in engineering aver- 
aged nearly three more faculty than other programs. 
Similarly, programs in the 50 institutions with largest 
research expenditures averaged nearly five more, fac- 
ulty than did others. Differences between programs in 
the top 50 and other institutions were most apparent 
in materials programs where the top 50 institutions 
had, on average, eight more faculty than programs 
located in other institutions. 



TABLE C— Percentage Distribution of Faculty in 
Emerging Programs in Engineering, by Control of 
Institution 



Program Area 



Total Public Private 

(N = 4,062) (N = 2,846) (N = 1 ,21 6) 



Total programs 100 100 100 

Biotechnology 10 11 9 

Computers 27 26 30 

Manufacturing 12 14 8 

Materials 22 21 26 

Microelectronics 17 16 19 

Robotics 8 9 5 

Other 4 3 4 

Note: Percentages may not sum to 100 because of rounding. 
Reference: Detailed table 2 

Faculty Rank. Almost half of the faculty in emerg- 
ing areas held the rank of professor, about one-fourth 
were associate professors, and another one-fourth 
were assistant professors (see figure 2 and detailed 
table 6). The greatest concentrations of assistant pro- 



fessors were in computers, robotics, and manufactur- 
ing where about 30 percent of the faculty were assis- 
tant professors. In contrast, about 60 percent of the 
faculty in materials and in "other" programs and over 
half of those in microelectronics were full professors. 



Degree Background. Over 20 percent of the faculty 
in emerging areas had bachelor's degrees from institu- 
tions outside the U.S. (see table E). There was basical- 
ly little difference in the proportion of foreign-trained 
faculty in programs located in public and private in- 
stitutions and in the top 50 institutions (see detailed 
table 7). One exception was in robotics programs that 
were located in the top 50 institutions granting engi- 
neering degrees which had a slightly higher propor- 
tion of faculty with foreign baccalaureates than did 
other programs. Another exception was in manufac- 
turing programs located in the top 50 institutions 
with research expenditures which had a slightly low- 
er proportion of foreign faculty than did others. The 
highest concentration of foreign trained faculty was in 
manufacturing (28 percent), followed by robotics (26 
percent), microelectronics (25 percent), and comput- 
ers (24 percent). 

Junior faculty were more likely to have foreign 
backgrounds than senior faculty. Among assistant 
professors, the proportion with foreign training was 
33 percent overall, compared to 24 percent among 
associate professors, and 16 percent among full pro- 
fessors. Academic rank distribution of foreign faculty 
differed somewhat by program area. For instance, 
nearly half the foreign-trained faculty in computers 
and 42 percent of those in manufacturing held the 
rank of assistant professor. In contrast, nearly half the 
foreign-trained faculty in materials and 42 percent of 
those in microelectronics were full professors (see 
figure 3). 



TABLE D— Average Number of Faculty in Emerging Programs in Engineering, by Program Area, 
and by Control and Top 50 Status of Institution 



Institutional Control 



Program Area 



Total 



Public 



Private 



Top 50 by 
Engineering 
Degrees 



Other 



Top 50 by 
Research 
Expenditures 



Other 



Total 9 

Biotechnology 7 

Computers 12 

Manufacturing 8 

Materials 11 

Microelectronics 8 

Robotics 5 

Other 8 



7 
11 

8 
11 

8 
6 
7 



7 
12 
8 
10 
8 
4 
9 



10 

8 
13 
8 
15 
9 
5 
9 



6 
10 

8 
7 
7 
5 
7 



11 

9 
14 

9 
15 
11 

6 
10 



5 
9 
7 
7 
6 
4 
6 



Reference: Detailed tables 2, 3, and 6 
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TABLE E— Proportion of Engineering Faculty in Emerging Areas Who Hold Non-U.S. Bachelor's Degrees, by Program 

Area and Academic Rank 



Program Area 



All Faculty 




Associate 


Assistant 




Professors 


Professors 


Professors 


Other 


22% 


16% 


24% 


33% 


13% 


13 


8 


11 


23 


24 


24 


17 


23 


36 


1 


28 


21 


25 


42 


16 


19 


14 


27 


29 


29 


25 


20 


25 


39 


14 


26 


21 


36 


27 


21 


12 


6 


23 


19 


0 



All programs 

Biotechnology 

Computers 

Manufacturing 

Materials 

Microelectronics 

Robotics 

Other 



Faculty Recruitment 

The majority of the engineering deans indicated 
that availability of human resources is the major de- 
termining factor in the development of engineering 
programs in emerging areas (see table F). The deans of 
engineering schools in public institutions were more 
likely to endorse this statement than were deans in 
private institut?ons (90 percent versus 74 percent). 

The rapid growth of programs in emerging engi- 
neering areas is evident by the fact that the staff re- 
cruited during 1983-84 accounted for 21 percent of 



the total engineering faculty (see table G). New faculty 
accounted for 28 percent of the total faculty in robot- 
ics but only 11 percent of those in biotechnology 
programs. Computer programs were the most likely to 
report faculty recruitment during 1983-84 (92 per- 
cent), followed by programs in microelectronics (85 
percent), and manufacturing (80 percent). Only 31 
percent of biotechnology programs tried to recruit 
faculty in 1983-84. The average number of faculty 
recruited was two, with computers programs recruit- 
ing as many as three, while biotechnology programs 
recruiting only one, on average. 
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FIGURE 3 

Distribution of Engineering Faculty 
Who Hold Non-U.S. Bachelor's Degrees, 
by Emerging Program Area and Academic Rank 
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TABLE F — Engineering Deans Who Believe that the 
Availability of Human Resources is the Major 
Determining Factor in the Development of Engineering 
Programs in Emerging Areas 



Type of Institution 


Number 


Percent 


Total 


104 


85 


Public 


75 


90 


Private 


29 


74 


"Top 50" Degrees 


46 


92 


Other than "Top 50" Degrees 


58 


80 


"Top 50" in Research Dollars ' 


43 


b6 


Other than "Top 50" in 






Research Dollars 


61 


84 


With Programs in: 






Biotechnology 


52 


90 


Computers 


82 


88 


Manufacturing 


46 


84 


Materials 


73 


84 


Microelectronics 


71 


86 


Robotics 


54 


88 


Other 


20 


89 



Qualified faculty were in short supply in 1983-84. 
Fully half of the programs were unable to fill all the 
faculty positions for which they were recruiting (see 
figure 4). A majority of the materials, biotechnology, 
robotics, and "other" programs reported shortages. 
Computers, microelectronics, and manufacturing 
were less likely to report shortages than were other 
programs. Nonetheless, over 40 percent of the pro- 
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grams in manufacturing and microelectronics and 
over 32 percent of computers programs still reported 
unfilled faculty positions. Programs in private institu- 
tions were somewhat more likely to report that they 
were unable to fill all faculty positions than were 
programs in public institutions (see detailed table 8), 

The survey included a question requesting infor- 
mation on the specialties for which the programs 
were not able to find faculty. Biotechnology, comput- 
ers, and robotics programs reported problems in re- 
cruiting faculty specializing in artificial intelligence 
(see table H). Microelectronics, manufacturing, robot- 
ics, and computers programs sought applicants with 
knowledge of computer-assisted design (CAD) with- 
out success. These responses suggest that emerging 
area programs may be competing against each other 
for persons with similar expertise. 

Respondents were asked to indicate from a list of 
eight statements the two most important sources of 
qualified applicants for faculty positions in their pro- 
grams., The most important source for faculty posi- 
tions in emerging areas was the pool of new doctorates 
from U.S. institutions (see detailed table 9). The sec- 
ond-ranked source cited by all program areas, except 
microelectronics, was faculty from other U.S. institu- 
tions. In microelectronics, doctorate holders coming 
from U.S. industry were cited as the second-ranked 
source of qualified applicants for faculty positions. 

Non-U.S. citizens constituted a substantial propor- 
tion of the qualified faculty applicant pool in some 
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FIGURE 4 

Number of Programs Recruiting Faculty 
in Emerging Engineering Areas in 1983-84 
and Number of Programs Unable to Fill 
All Faculty Positions, by Program Area 
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TABLE G— Faculty Recruitment During Academic Year 1983-84 in Engineering Programs in Emerging Areas 



Programs 
Recruiting Faculty 



Faculty Recruited 



Programs Unable 
to Fill All Positions 



Program Area 


Number 


Percent 1 


Number 


Percent 2 


Number 


Percent 3 


All programs 


349 


75 


860 


21 


179 


51 


Biotechnology 


31 


53 


43 


11 


21 


66 


Computers 


88 


92 


289 


26 


29 


32 


Manufacturing 


47 


80 


118 


24 


22 


46 


Materials 


54 


63 


127 


14 


43 


80 


Microelectronics 


73 


85 


178 


26 


32 


43 


Robotics 


44 


69 


89 


28 


24 


55 


Other 


11 


58 


17 


12 


9 


81 



1 Based on total number of programs. 
2 As a percent of total faculty. 

3 Pased on number of programs which recruited faculty during 1983-84. 



TABLE H— Engineering Programs in Emerging Areas in 1983-84, with Unfilled faculty Positions in Specialty Areas 



Program Area 



Speciality Areas 



Artificial intelligence x 
Biomedical/bioelectricai engineering 
Computer architecture x 
Computer-assisted design x 
Computer-assisted manufacturing 
Database systems x 
Electronic materials x 
Integrated circuit design x 
Metallurgy x 
Microprocessor instrumentation 
Software enginering x 
VLSI x 



Computers Materials Microelectronics Manufacturing Roboti cs Biotechnology 

X XXX 



X 
X 



X 
X 



program areas. For example, 43 percent of the com- 
puters programs and 37 percent of the manufacturing 
programs reported that over half of their qualified 
applicants did not have U.S. citizenship (see table I). 
Biotechnology, materials, and "other" programs re- 
ported the lowest proportion of foreign applicants. 

Doctoral Students 

Nearly 7,500 doctoral students were enrolled in 
engineering programs in emerging areas, averaging 
just over 16 students per program. The greatest con- 
centration of students was in materials (32 percent), 
followed by computers (25 percent) and micro- 
electronics programs (17 percent) (see table J). Pro- 
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grams in materials averaged 28 doctoral students, 
computers 20 students, and microelectronics 15 stu- 
dents (see table K). The smallest programs were robot- 
ics and manufacturing, averaging seven and eight 
doctoral students, respectively; they were also the 
two programs that had the most favorable faculty/ 
student ratio, averaging nearly one faculty per doc- 
toral student. 

On average, programs in private institutions had 10 
more doctoral students than programs in public in- 
stitutions. The public-private difference was particu- 
larly large in biotechnology and computers. Bio- 
technology programs in private institutions had 20 
more doctoral students than programs in public in- 

20 



stitutions. Similarly, computers programs in private 
institutions had 13 more students than programs in 
public institutions. 

Emerging engineering programs located in the top 
50 institutions also had larger enrollments than those 
located in other institutions. The average number of 
doctoral students in programs in the top 50 institu- 
tions by research expenditures was 22 whereas the 
average number of doctoral students in other pro- 
grams was 10. Materials programs in such top 50 
institutions had 24 more doctoral students than mate- 
rials programs in other institutions. 

Citizenship Status. Nearly one-half of all doctoral 
students were foreign citizens (see figure 5). The pro- 
grams with the largest proportion of foreign students 
were manufacturing (59 percent) and microelectron- 
ics (52 percent); biotechnology and "other" programs 
had the smallest proportion. 

In general, there was very little difference in the 
distribution of foreign students in public and private 
institutions: 47 percent of doctoral students in public 



institutions and 43 percent of those in private institu- 
tions were non-U.S. citizens (see detailed table 10). 
However, private biotechnology programs had fewer 
foreign students than public programs (29 percent 
versus 41 percent). 

Similarly, there was very little difference in the 
proportion of foreign students enrolled in programs 
in the top 50 institutions that granted engineering 
degrees, but programs in the top 50 institutions by 
research expenditures were generally less likely to 
enroll foreign students than were programs in other 
institutions (see detailed tables 10.5 and 10.6). 

About 22 percent of the respondents reported that 
their programs had to address significant differences 
in the background and experience of their U.S. and 
foreign students (see figure 5 and detailed table 11). 
The main differences cited were language, undergrad- 
uate training, and laboratory experiences. There was 
no apparent relationship between a program's report 
of these differences and the number of foreign doc- 
toral str ' Tits enrolled. Only 21 percent of the pro- 



TABL2 I — Percentage Distribution of Programs in Emerging Areas in Engineering, 
by Proportion of Non-U.S. Citizens Among Their Faculty Applicant Pool 



Proportion of Non-U.S. Citizens in Faculty Applicant Pool 



Program Area 


Total 


0-10% 


11-50% 


51-70% 


71-100% 


Total 


100 


43 


28 


12 


16 


Biotechnology 


100 


64 


17 


9 


9 


Computers 


100 


24 


34 


14 


29 


Manufacturing 


100 


36 


27 


17 


20 


Materials 


100 


53 


27 


10 


9 


Microelectronics 


100 


37 


36 


15 


13 


Robotics 


100 


50 


22 


8 


20 


Other 


100 


62 


33 


6 


0 



Note: Percentages may not sum to 100 because of rounding. 



TABLE ]— Percentage Distribution of Doctoral Students 
in Emerging Engineering Areas, by Program Area and 
by Control of Institution 



Program Area 


Total 


Public 


Private 




(N = 7,496) 


(N=4,316) 


(N= 3,180) 


Total students 


100 


100 


100 


Biotechnology 


9 


7 


13 


Computers 


25 


24 


27 


Manufacturing 


7 


9 


3 


Materials 


32 


32 


32 


Microelectronics 


17 


17 


18 


Robotics 


6 


8 


4 


Other 


3 


4 


3 



Note: Percentages may not sum to 190 because of rounding. 
Reference: Detailed table 10. 



grams in manufacturing reported that they had to deal 
with differences in students 1 backgrounds even 
though this area had the largest proportion of foreign 
students. Since manufacturing programs had a high 
proportion of foreign faculty as well as a relatively 
high faculty/student ratio, one could argue that these 
factors led to greater interaction between faculty and 
students and helpec compensate for differences in 
students' backgrounds It is also possible that the 
quality of training of foreign students varies some- 
what by specialty areas, presenting different prob- 
lems for faculty in different program areas. 
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TABLE K— Average Number of Doctoral Students in Emerging Engineering 
Areas, by Program Area and by Control and Top 50 Status of Institution 



Program 
Area 


Total 
Institutions 


Public 


Private 


Top 50 by 
Engineering 
Degrees 


Other 


Top 50 by 
Research 
Expenditures 


CKner 


Total programs 


16 


13 


23 


20 


12 


22 


10 


Biotechnology 


12 


7 


27 


15 


9 


18 


6 


Computers 


20 


16 


29 


22 


18 


27 


13 


Manufacturing 


8 


9 


8 


10 


7 


10 


6 


Materials 


28 


25 


33 


39 


18 


40 


16 


Microelectronics 


15 


12 


21 


20 


11 


22 


8 


Robotics 




7 


7 


10 


1 


10 


4 


Other 


14 


13 


18 


21 


9 


18 


10 


Reference: Detailed tables 2. 3. and 10 



FIGURE 5 

Foreign Doctoral Students and Programs 
Needing to Address Differences in Student Backgr jnd 
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Institutional and Program 
Differences 

Institutional location of the programs was related to 
major differences in the number of faculty and stu- 
dents. While public institutions had 70 percent of the 
engineering programs in emerging areas and 70 per- 
cent of the faculty, they accounted for only 58 percent 
of the doctoral students (see figure 6). In contrast, 
private institutions had only 30 percent of the pro- 
grams and 30 percent of the faculty but 42 percent of 
the students. An average program in prvate institu- 
tions had 10 more students than a program in public 
instituiions. Since programs in both public and pri- 
vate institutions had, on average, nine faculty, the 
faculty/student ratios were somewhat more favorable 
in public than in private programs. 

The top 50 institutions had larger numbers of fac- 
ulty bj well as students. The top 50 institutions 
ranked highest in terms of research expenditures had 
51 percent of the engineering programs in emerging 
areas, 64 percent of the faculty, and 70 percent of the 



doctoral students. On average, there were five more 
faculty and 12 more students in programs in such 
institutions than in others. Clearly, the availability of 
research funds allowed these programs to enroll more 
students and hire more faculty than was possible in 
programs in other institutions. Programs located in 
the top 50 institutions that granted engineering de- 
grees had eight more doctoral students but only three 
more faculty than programs in other institutions. 

There were also some interesting differences by 
program areas. For instance, while materials com- 
prised 18 percent of the emerging programs in engi- 
neering, they represented 22 percent of the faculty 
and 32 percent of the doctoral students (see figure 7). 
Compared to all programs, an average program in 
materials had nearly two more faculty and 12 more 
students. Manufacturing and robotics, on the other 
hand, enrolled relatively fewer students and had 
more favorable faculty/student ratios (with nearly one 
faculty per student). 



Figure 6 

Distribution of Programs, Faculty, and Doctoral Students, 
by Institutional Characteristics 
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FIGURE 7 

Programs, Faculty, and Doctoral Students in Emerging Areas 
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In 1984-85, there were about 470 programs in 
emerging areas in engineering in 123 institutions of 
higher education that granted doctoral degrees in en- 
gineering. The most numerous were programs in com- 
puters; the least, programs in biotechnology. 

The programs employed about 4,060 faculty, aver- 
aging nearly nine per program. T\vo-fifths of the fac- 
ulty were full professors. The proportion of faculty 
with non-U.S. bachelor's degrees ranged from 13 per- 
cent (biotechnology) to 28 percent (manufacturing). 
There were relatively more foreigners among junior 
than among senior faculty. 
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Compared to total engineering faculty in doctoral 
departments, the faculty in emerging area programs 
were somewhat more junior in rank. On average, 
about 25 percent of faculty in emerging area programs 
were assistant professors compared to 19 percent of 
total engineering faculty. 1 They were also more likely 
to have foreign baccalaureate degrees than faculty in 
engineering programs in general. 

The programs enrolled about 7,500 doctoral stu- 
dents, averaging over 16 students per program. Nearly 



1. Data provided b^f^ National Science Foundation. 
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one-half the doctoral students were non-U.S. citizens, 
which is somewhat larger than the proportion of for- 
eign students in engineering programs in general. 
About one-fourth of the programs reported that they 
had to address significant differences in the back- 
ground and experience of their students. The irain 
differences cited were language, undergraduate train- 
ing, and laboratory experience. 

Although most programs had actively recruited fac- 
ulty during 1983-84, fully one-half of the respon- 
dents reported unfilled faculty positions. Shortages 



were particularly acute in programs in materials and 
biotechnology, both of which had smaller proportions 
of non-U.S. citizens among their faculty, faculty ap- 
plicant pool, and students. In contrast, computers — 
which had larger proportions of foreigners among 
faculty, faculty applicants, and students— reported 
fewer shortages. According to the majority of respon- 
dents, the most important source of qualified appli- 
cants for faculty positions was the pool of new docto- 
rates from U.S. institutions. 
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TABLE 1— Top 50 Institutions on the Basis of Ph.D. 
Degrees Conferred in Engineering, AY 1981-62 



NOTE: Only responding institutions are listed. 



1. Massachusetts Institute of Technology 

3. Illinois. University of (Urbana) 

7. Michigan, University of (Ann Arbor) 

10. Ohio State University (Main Campus) 

11. Rensselaer Polytechnic Institute 

12. Wisconsin. University of (Madison) 
14. Texas. University of (Austin) 

1 6. Georgia, Institute of Technology 

17. Virginia Polytechnic Institute 

19. Minnesota, University of (Minneapolis, St. Paul) 

20. California, University of (Davis) 

22. Texas A&M University (Main Campus) 

24. Case Western Reserve University 

25. Princeton University 

26. Florida, University of 

27. Iowa State University of Science & Technology 

28. Columbia University 

29. SUNY at Stony Brook (Main Campus) 
31. Michigan State University 

33. Pennsylvania, University of 

34. Oklahoma. University of (Norman Campus) 

35. Virginia, University of (Main Campus) 

37. Washington, University of (Seattle) 

38. Pittsburgh, University of (Main Campus) 

39. Tennessee, University of (Knoxville) 

41. Polytechnic institute of New York 

42. Washington University (St. Louis) 

43. Houston, University of (Central Campus) 

44. Colorado, University of (Boulder) 

45. Missouri, University of (Columbia) 

46. Utah, University of 

47. Arizona, University of 

48. Wayne State University 

49. Iowa, University of 



TABLE 1.1— Top 50 Institutions on the Basts of Research 
Expenditures/ AY 1982-83 



NOTE: Only responding institutions are listed. 



1. Massachusetts Institute of Technology 

2. Georgia Institute of Technology 

3. Stanford University 

4. Illinois, University of (Urbana) 

5. Texas A&M University (Main Campus) 

10. Rensselaer Polytechnic Institute 

11. Ohio State University (Main Campus) 

12. Wisconsin, University of (Madison) 

13. Michigan, University of (Ann Arbor) 
15. Florida, University of 

19. Texas, University of (Austin) 

21. Oklahoma, University of (Norman Campus) 

22. Case Western Reserve University 

23. Pennsylvania, University of 

24. Virginia Polytechnic Institute 

25. Dayton, University of 

26. Columbia University 
29. Texas Tech University 

31. Washington, University of (Seattle) 

33. Princeton University 

34. Minnesota, University of (Minneapolis. St. Paul) 

35. Oklahoma State University 

37. Utah, University of 

38. Virginia, University of (Main Campus) 

39. Maryland, University of (College Park) 

40. Iowa State University of Science & Technology 
41 Rutgers University (New Brunswick) 

43. Washington University (St. Louis) 

44. Arizona, University of 

45. California, University of (Davis) 

46. New Hampshire, University of 

47. Polytechnic Institute of New York 

48. Houston, University of (Central Campus) 
50. Delaware, University of 



'These Expenditures include federal and all other sources of 
support. Rankings are based on data provided by the ASEE 
Engineering College Research and Graduate Study (3/84). 
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TABLE 2— Operational and Planned Doctoral Engineering Programs in Emerging Areas, by Control of Institution 

All Institutions 



rrogram 

AXG8 




Operational 






Planned 




Tntal 


Piihlir 


r 1 1 vale 


Total 
xuiai 




i rivalc 


Total programs 


467 


329 


137 


28 


20 


8 


Biotechnology 


58 


42 


15 


6 


3 


3 


Computers 


96 


66 


30 


5 


4 


1 


Manufacturing 


59 


46 


13 


5 


5 


0 


Materials 


86 


55 


31 


3 


3 


0 


Microelectronics 


86 


59 


27 


4 


2 


1 


Robotics 


64 


48 


16 


6 


3 


3 


Other 


19 


13 


5 


0 


0 


0 



TABLE 3 — Operational Doctoral Engineering Programs in Emerging Areas in Top 50 Institutions, 

by Control of Institution 



Top 50 Top 50 

by Engineering Degrees by Research Expenditures 



Program Area 


Total 


Public 


Private 


Total 


Public 


Private 


Total programs 


224 


181 


43 


237 


180 


57 


Biotechnology 


28 


24 


4 


30 


24 


6 


Computers 


46 


36 


10 


46 


33 


13 


Manufacturing 


31 


24 


7 


33 


27 


6 


Materials 


40 


33 


7 


43 


29 


14 


Microelectronics 


40 


33 


7 


41 


30 


11 


Robotics 


32 


25 


7 


36 


30 


6 


Other 


7 


6 


1 


9 


7 


1 
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Includes only responding institutions that granted permission to list their names and programs. 



TABLE 4— Institutions Offering Doctoral Programs in Emerging Engineering Areas, by Program Area 









Manu- 




Micro- 








Biotech- 


Com- 


factur- 


Mate- 


elec- 


Robot- 




Tnctttiittnn 
liiot.it.ll 


noloov 


mit Rrs 


ing 


rials 


tronics 


ics 


Other 


Alcmn IJnivpHiitv of (Main Camnusl 


x 






x 








Alabama, University of (Main Campus) 






X 




X 


X 


X 


Arizona State University 


X 


X 


X 




X 


X 


X 


Arizona, University of 




X 


X 




X 


X 




Auburn University 




X 












California Univprsitv of fDavisl 




x 




x 


x 


x 




California, University of (San Diego) 


X 


X 






X 






California, University of (Santa Barbara) 




X 




X 


X 


X 




Case Western Reserve University 




X 




X 


X 






Catholic University of America 












X 




Cinrinnati Univpr<;itv of 


X 


x 


x 


x 


X 


X 




Clemson University 


X 


X 


X 




X 


X 




Colorado, University of (Boulder) 




X 












Columbia University 




X 




X 


X 






Dartmouth College 


X 






X 


X 






Oavtnn llnit/prcitv of 








x 








Delaware, University of 


X 


X 




X 


X 


X 


X 


Drexel University 


X 


X 


X 


X 


X 


X 




Duke University 


X 






X 


X 


X 


X 


Florida, University of 


X 


X 


X 


X 


X 


X 




fiporoia In<*titntp of Tprhnoloov 

Vlwl^lu 111911 lUiC UI l&VtHllKJlKJf^y 


x 


x 


x 


x 


x 


x 




Hawaii, University of (Manoa) 




X 






X 


X 




Houston, University of (Central Campus) 


X 


X 




X 


X 


X 




Howard University 






X 




X 






Illinois Institute of Technology 


X 


X 




X 


X 


X 




Illinois, University of (Urbana) 


y 


X 


X 


X 


X 


X 




Iowa State University 




X 




X 


X 




x 


Iowa, University of 


X 


X 


X 


X 


X 


X 




Johns Hopkins University 




X 




X 


X 






Kansas State University 


X 


X 


X 


X 


X 


X 




Kansas Univprsitv of (Main Camnusl 


x 




x 


x 




x 




Lamar University 
















Louisiana State University 




X 


X 


X 








Louisiana Tech University 


X 


X 


X 










Maine, University of (Orono Campus) 










X 






Marquette University 


X 






X 








Maryland, University of (College Park) 


X 


X 


X 


X 


X 


X 




Massachusetts Institute of Technology 


X 


X 


X 


X 


X 


X 




Massachusetts, University of (Amherst) 




X 


X 


X 






X 


Miami, University of (Miami, FL) 




X 












Michigan State University 




X 




X 








Michigan Technological University 








X 








Michigan, University of (Ann Arbor) 


X 


X 


X 


X 


X 


X 




Minnesota, University of (Minneapolis, St. 


X 


X 


X 


X 


X 


X 





Paul) 

Mississippi, University of (Main Campus) 



Continued on next page. 
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TABLE 4 (continued)— Institutions Offering Doctoral Programs in Emerging Engineering Areas, by Program Area 









Manu- 




Micro- 






Institution 


Biotech- 


Com- 


factur- 


Mate- 


elec- 


Robot- 




nology 


puters 


ing 


rials 


tronic*? 

11 Will vJk) 


IPC 




Missouri, University of (Columbia) 


X 


X 




X 


X 




X 


Montana State University 


X 


X 




X 


X 


X 




Nebraska, University of (Lincoln) 








X 






X 


Nevada, University of (Reno) 




x 








X 




New Hampshire, University of 




X 










X 


New Mexico State University (Main Campus) 




X 






X 




X 


New Mexico, University of (Main Campus) 




X 






X 






Northeastern University 




X 






X 


X 




Notre Dame, University of 


X 


x 


x 


x 


x 


X 


X 


Ohio State University 




X 


X 


X 


X 


X 




Oklahoma State University 




X 


X 










Oklahoma, University of (Norman Campus) 




X 


X 


X 








Old Dominion University 
















Oregon State University 




x 




x 


Y 
A 


X 




Pennsylvania, University of 


X 


X 


X 


X 


X 


X 




Pittsburgh, University of (Main Campus) 




X 




X 


X 






Polytechnic Institute of New York 




X 




X 






X 


Princeton University 




X 




X 


X 






Rensselaer Polytechnic Institute 


X 


x 


x 


x 


x 


X 




Rice University 




X 




X 








Rochester, University of 








X 








Rutgers University (New Brunswick Campus) 


X 


X 




X 


X 


X 




South Carolina, University of 


X 


X 




X 




X 




Southern Methodist University 


x 


x 


x 


x 




X 




Stanford University 


X 


X 


X 


X 


X 


X 




Stevens Institute of Technology 




X 


X 


X 








SUNY at Buffalo 


X 


X 






X 






SUNY at Stony Brook (Main Campus) 




X 




X 


X 


X 




Syracuse University 














X 


Tennessee, University of (Knoxville) 








X 








Texas A & M University (Main Campus) 


X 


X 


X 


X 


X 


X 




Tfexas Tech University 


X 


X 


X 




X 


X 




Texas, University of (Arlington) 


X 


X 


X 


X 


X 


X 




Texas, University of (Austin Campus) 


X 


x 


x 


x 






X 


Toledo, University of 






X 


X 


X 


X 




l\ilane University 




X 












Utah, University of 




X 




X 


X 


X 


X 


Vermont, University of 








X 


X 




Virginia Polytechnic Institute 


X 


x 


x 


x 




Y 
A 


X 


Virginia, University of (Main Campus) 


X 


X 


X 


X 


X 


X 


X 


Vyfashington, State University 


X 


X 


X 


X 


X 






Washington University (St. Louis) 


X 


X 




X 


X 






Washington, University of (Seattle) 


X 


X 


X 


X 


X 


X 


X 


Wayne State University 


X 


X 




X 


X 






West Virginia University 


X 


X 


X 




X 


X 




Wichita State University 
















Wisconsin, University of (Madison) 






X 


X 


X 






Wisconsin, University of (Milwaukee) 




X 


X 


X 


X 


X 




Wyoming, University of 


X 


X 


X 


X 









ERJ.C 



29 



TABLE 5 — Engineering Faculty in Emerging Areas, 
by Program Area and Academic Rank, AY 1983-84 

Ail Institutions 



Program 
Area 






Professor 


Associate Professor 


Assistant Professor 


Dthpr 




Headcount 


PTE 


Headcount 


PTE 


Headcount 


FTE 


Headcount 


FTE 


Headcount 


FTE 


Total faculty 


4062 


3624 


1928 


1687 


938 


851 


990 


909 


206 


177 


Biotechnology 


408 


368 


168 


151 


112 


103 


95 


91 


33 


23 


Computers 


1102 


1001 


412 


362 


284 


256 


334 


320 


71 


62 


Manufacturing 


484 


381 


205 


155 


124 


100 


136 


113 


19 


12 


Materials 


914 


830 


567 


504 


161 


147 


162 


154 


25 


25 


Microelectronics 


686 


647 


359 


331 


154 


149 


145 


139 


28 


28 


Robotics 


322 


271 


130 


110 


72 


66 


92 


70 


29 


25 


Other 


145 


127 


87 


73 


31 


30 


26 


23 


1 


1 



TABLE 5.1 — Engineering Faculty in Emerging Areas, 
by Program Area and Academic Rank, AY 1983-84 

Public Institutions 



Program 
Area 


Total 




Professor 


Associate Professor 


Assistant Professor 


Other 




Headcount 


FTE 


Headcount 


FTE 


Headcount 


FTE 


Headcount 


FTE 


Headcount 


FTE 


Total faculty 


2846 


2510 


1298 


1118 


713 


639 


712 


642 


123 


111 


Biotechnology 


303 


279 


121 


108 


90 


81 


79 


76 


14 


14 


Computers 


732 


659 


271 


234 


199 


177 


218 


207 


44 


42 


Manufacturing 


388 


298 


162 


120 


101 


81 


108 


88 


16 


10 


Materials 


604 


535 


366 


315 


114 


102 


116 


110 


8 


8 


Microelectronics 


456 


440 


221 


213 


127 


123 


94 


89 


15 


15 


Robotics 


265 


214 


103 


84 


59 


53 


77 


55 


26 


23 


Other 


98 


85 


54 


45 


23 


22 


21 


18 


0 


0 



TABLE 5.2 — Engineering Faculty in Emerging Areas, 
by Program Area and Academic Rank, AY 1983-84 

Private Institutions 



Program 
Area 


Total 




Professor 




Associate Professor 


Assistant Professor 


Other 




Headcount 


FTE 


Headcount 


FTE 


Headcount 


FTE 


Headcount 


FTE 


Headcount 


FTE 


Total faculty 


1216 


1114 


630 


J69 


226 


212 


278 


267 


83 


66 


Biotechnology 


105 


89 


47 


43 


22 


22 


16 


15 


19 


9 


Computers 


370 


342 


141 


129 


86 


79 


117 


114 


27 


20 


Manufacturing 


97 


83 


43 


36 


23 


19 


28 


26 


3 


3 


Materials 


310 


295 


201 


189 


47 


46 


46 


44 


17 


17 


Microelectronics 


230 


207 


139 


119 


27 


26 


51 


49 


13 


13 


Robotics 


57 


57 


27 


27 


12 


12 


15 


15 


3 


3 


Other 


47 


42 


32 


27 


8 


8 


5 


5 


1 


1 



30 



ERIC 



18 



TABLE 5.3— Engineering Faculty in Emerging Areas, 
by Program Area and Academic Rank, AY 1983-84 



[Top 50 Institutions, by Engineering Degrees] 



Program 
Area 


Total 




Professor 




Associate Professor 


Assistant Professor 


Other 




Headcount 


PTE 


Headcount 


FTE 


Headcount 


FTE 


Headcount 


FTE 


Headcount 


FTE 


Total faculty 


2281 


2045 


1102 


982 


561 


511 


550 


488 


68 


64 


Biotechnology 


218 


208 


88 


82 


64 


63 


58 


56 


8 


8 


Computers 


614 


557 


250 


224 


178 


161 


154 


143 


32 


29 


Manufacturing 


254 


186 


90 


63 


72 


53 


83 


64 


8 


7 


Materials 


601 


550 


376 


340 


117 


107 


101 


96 




7 


Microelectronics 


371 


356 


195 


185 


85 


83 


83 


79 


8 


8 


Robotics 


163 


128 


65 


51 


33 


32 


60 


40 


4 


4 


Other 


60 


60 


38 


38 


13 


13 


10 


10 


0 


0 



TABLE 5.4 — Engineering Faculty in Emerging Areas, 
by Program Area and Academic Rank, AY 1983-84 

[Top 50 Institutions, by Research Expenditures] 



Program 
Area 


Total 




Professor 


Associate Professor 


Assistant Professor 


Other 




Headcount 


FTE 


Headcount 


FTE 


Headcount 


FTE 


Headcount 


FTE 


Headcount 


FTE 


Total faculty 


2601 


2268 


1278 


1086 


589 


532 


626 


559 


109 


92 


Biotechnology 


266 


250 


119 


106 


76 


74 


59 


57 


13 


13 


Computers 


669 


586 


257 


217 


173 


153 


199 


186 


40 


30 


Manufacturing 


296 


213 


127 


87 


70 


51 


84 


67 


14 


7 


Materials 


630 


560 


396 


344 


106 


94 


112 


104 


17 


17 


Microelectronics 


439 


406 


239 


214 


110 


107 


84 


79 


6 


6 


Robotics 


212 


179 


84 


71 


39 


37 


70 


51 


19 


19 


Other 


90 


74 


56 


46 


16 


14 


19 


14 


0 


0 



ERIC 



31 

19 



TABLE 6— Faculty Rank Distribution in Emerging Areas, by Program Area, AY 1983-1984 

All Institutions 



rTogram 


loiai 


lotai 




Associate 


Assistant 




Area 


Headcount 


Percent 


Professor 


Professor 


Professor 


Other 


Total faculty 


4062 


100.0 


47.5 


23.1 


24.4 


5,1 


Biotechnology 


408 


100.0 


41.1 


27.5 


23.3 


8.1 


Computers 


1102 


100.0 


37.4 


25.8 


30.3 


6.5 


Manufacturing 


484 


100.0 


42.3 


25.7 


28.1 


3.9 


Materials 


914 


100.0 


62.0 


17.6 


17,7 


2.7 


wiicnwicLirunics 


686 


100.0 


52.4 


22.4 


21,1 


A 1 

4,1 


Robotics 


322 


100.0 


40.4 


22.3 


28.5 


8,9 


Other 


145 


100.0 


59.6 


21.3 


18,1 


1.0 


TABLE 6.1 


—Faculty Rank Distribution in Emerging Areas, by Program Area, AY 1983-1984 








Public Institutions 








rTogram 


Total 


Total 




Associate 


Assistant 




Area 


Headcount 


Ptercent 


Professor 


Professor 


Professor 


Other 


Total faculty 


2846 


100.0 


45.6 


25,1 


25,0 


4,3 


Biotechnology 


303 


100.0 


39.8 


29.7 


26,0 


4,5 


Computers 


732 


100.0 


37,1 


27,2 


29,7 


6,0 


Manufacturing 


338 


100.0 


41.9 


26,1 


27,8 


4.2 


Materials 


604 


100.0 


60.6 


18,8 


19,3 


1.3 


Microelectronics 


456 


100.0 


48.4 


27,8 


20,6 


3.2 


Robotics 


265 


100.0 


38.9 


22.4 


29.0 


9,7 


Other 


98 


100.0 


55.2 


23.5 


21,3 


0,0 



TABLE 6.2— Faculty Rank Distribution in Emerging Areas, by Program Area, AY 1983-1984 

Private Institutions 



Program 


Total 


Total 




Associate 


Assistant 




Area 


Headcount 


Percent 


Professor 


Professor 


Professor 


Other 


Total faculty 


1216 


100.0 


51,8 


18.5 


22.9 


6.8 


Biotechnology 


105 


100,0 


45.0 


21.3 


15.4 


18.2 


Computers 


370 


100,0 


38.1 


23.1 


31.5 


7.3 


Manufacturing 


97 


100.0 


44.0 


23.9 


29.3 


2.7 


Materials 


310 


100.0 


64.8 


15.2 


14.7 


5.4 


Microelectronics 


230 


100.0 


60.3 


11.8 


22.0 


5.8 


Robotics 


57 


100,0 


47.1 


21.5 


26.6 


4.7 


Other 


47 


100.0 


68.7 


16.8 


11.3 


3.0 



32 

20 



TABLE 6.3— Faculty Rank Distribution in Emerging Areas, by Program Area, AY 1983-1984 

(Top 50 Institutions, by Engineering Degrees) 



Program 


lotai 


lotai 




Associate 


Assistant 




Area 


Headcount 


Pfercent 


Professor 


Professor 


Professor 


Other 


Total faculty 


2281 


100.0 


48.3 


24.6 


24.1 


3.0 


Biotechnology 


218 


100.0 


40.1 


29.3 


26.7 


3.8 


Computers 


614 


100.0 


40.7 


29.0 


25.1 


5.2 


Manufacturing 


254 


100.0 


35.5 


28.4 


32.8 


3.3 


Materials 


601 


100.0 


62.6 


19.4 


16.9 


1.1 


Microelectronics 


371 


100.0 


52.4 


22.8 


22.5 


2.2 


Robotics 


163 


100.0 


40.2 


20.5 


36.7 


2.6 


Other 


60 


100.0 


62.8 


20.9 


16.2 


0.0 


TABLE 6.4— Faculty Rank Distribution in Emerging Areas, by Program Area, AY 1983-1984 








(Top 50 Institutions, by Research Expenditures) 






Program 


Total 


Total 




Associate 


Assistant 




Area 


Headcount 


Percent 


Professor 


Professor 


Professor 


Other 


Total faculty 


2601 


100.0 


49.1 


22.6 


24.1 


4.2 


Biotechnology 


266 


100.0 


44.6 


28.5 


22.0 


4.9 


Computers 


669 


100.0 


38.5 


25.9 


29.7 


6.0 


Manufacturing 


296 


100.0 


43.0 


23.7 


28.5 


4.8 


Materials 


630 


100.0 


62.8 


16.8 


17.7 


2.7 


Microelectronics 


439 


100.0 


54.4 


25.1 


19.2 


1.3 


Robotics 


212 


100.0 


39.9 


18.3 


33.1 


8.8 


Other 


90 


100.0 


61.9 


17.4 


20.7 


0.0 



ERJ.C 



2i 33 



TABLE 1— Engineering Faculty in Emerging Areas Who Hold Non-U.S. Bachelor's Degrees, 
by Program Area and Academic Rank 

All Institutions 



Program 
Area 


lotal 




Professor 




Associate Professor 


Assistant Professor 


Other 




Headcount 


PTE 


Headcount 


PTE 


Headcount 


FTE 


Headcount 


FTE 


Headcount 


FTE 


Faculty with 






















non-U.S. BA's 


896 


831 


314 


289 


221 


198 


334 


318 


27 


26 


Biotechnology 


55 


54 


14 


14 


12 


11 


22 


22 


8 


8 


Computers 


259 


252 


72 


71 


64 


60 


121 


120 


1 


1 


Manufacturing 


134 


103 


43 


29 


31 


24 


57 


47 


3 


3 


Materials 


176 


169 


82 


77 


43 


41 


47 


47 


5 


5 


Microelectronics 


171 


166 


72 


67 


38 


38 


57 


56 


4 


4 


Robotics 


e* 


75 


27 


27 


26 


18 


25 


25 


6 


5 


Other 


1 


12 


5 


4 


7 


6 


5 


2 


0 


0 



TABLE 7.1— Engineering Faculty in Emerging Areas Who Hold Non-U.S. Bachelor's Degrees, 

by Program Area and Academic Rank 

Public Institutions 



Program 
Area 


Total 




Professor 




Associate Professor 


Assistant Professor 


Other 




Headcount 


FTE 


Headcount 


FTE 


Headcount 


FTE 


Headcount 


FTE 


Headcount 


FTE 


Faculty with 






















non-U.S. BA's 


651 


609 


222 


209 


161 


145 


248 


236 


20 


19 


Biotechnology 


42 


42 


9 


9 


8 


8 


20 


20 


5 


5 


Computers 


188 


186 


60 


59 


41 


40 


85 


85 


1 


1 


Manufacturing 


97 


77 


25 


19 


26 


21 


44 


35 


2 


2 


Materials 


111 


38 


48 


45 


29 


29 


30 


30 


3 


3 


Microelectronics 


127 


125 


53 


52 


27 


27 


43 


42 


4 


4 


Robotics 


71 


62 


23 


23 


23 


15 


21 


21 


4 


3 


Other 


14 


10 


3 


2 


6 


5 


5 


2 


0 


0 



TABLE 7.2— Engineering Faculty in Emerging Areas Who Hold Non-U.S. Bachelor's Degrees, 

by Program Area and Academic Rank 

Private Institutions 



Program Total Professor Associate Professor Assistant Professor Other 

Area Headcount FTE Headcount FTE Headcount FTE Headcou nt FTE Headcount FTE 

Faculty with 



non-U.S. BA's 


245 


222 


92 


80 


61 


53 


86 


83 


7 


7 


Biotechnology 


13 


11 


4 


4 


4 


3 


1 


1 


3 


3 


Computers 


71 


67 


12 


12 


23 


20 


36 


35 


0 


0 


Manufacturing 


37 


26 


18 


10 


4 


3 


13 


12 


1 


1 


Materials 


65 


62 


33 


32 


14 


12 


16 


16 


1 


1 


Microelectronics 


44 


41 


19 


16 


11 


11 


14 


14 


0 


0 


Robotics 


13 


13 


4 


4 


3 


3 


4 


4 


1 


1 


Other 


3 


3 


1 


1 


1 


1 


0 


0 


0 


0 



ERIC 



34 

22 



TABLE Engineering Faculty in Emerging Areas Who Hold Non-U.S. Bachelor's Degrees, 

by Program Area and Academic Rank 

(Top 50 Institutions, by Engineering Degrees) 



rogram Total Professor Associate Professor Assistant Professor Other 

Area Headcount FTE Headcount FTE Headcount FTE Headcount FTE Headcount PTE 



Faculty with 



non-U.S. BA's 


503 


464 


181 


171 


138 


120 


179 


168 


6 


6 


Biotechnology 


25 


24 


3 


3 


8 


7 


14 


14 


0 


0 


Computers 


143 


136 


42 


40 


44 


40 


57 


56 


0 


0 


Manufacturing 


69 


53 


17 


14 


18 


13 


33 


25 


1 


1 


Materials 


107 


104 


54 


51 


26 


26 


25 


25 


1 


1 


Microelectronics 


99 


95 


46 


43 


18 


18 


32 


31 


3 


3 


Robotics 


54 


47 


18 


18 


18 


11 


18 


18 


0 


0 


Other 


6 


6 


1 


1 


4 


4 


0 


0 


0 


0 



TABLE 7.4— Engineering Faculty in Emerging Areas Who Hold Non-U.S. Bachelor's Degrees, 

by Program Area and Academic Rank 



(Top 50 Institutions, by Research Expenditures) 



Program 
Area 


Total 




Professor 




Associate Professor 
Headcount FTE 


Assistant Professor 
Headcount FTE 


Other 




Headcount 


FTE 


Headcount 


FTE 


Headcount 


FTE 


Faculty with 






















non-U.S. BAs 


523 


477 


196 


182 


137 


119 


179 


166 


11 


11 


Biotechnology 


31 


31 


10 


10 


6 


6 


11 


11 


4 


4 


Computers 


147 


140 


46 


44 


39 


34 


63 


61 


0 


0 


Manufacturing 


66 


50 


20 


16 


17 


13 


27 


20 


1 


1 


Materials 


106 


100 


56 


51 


24 


23 


24 


24 


1 


1 


Microelectronics 


104 


100 


43 


40 


27 


27 


33 


31 


1 


1 


Robotics 


54 


47 


17 


17 


19 


11 


16 


16 


3 


3 


Other 


14 


9 


4 


3 


6 


4 


4 


1 


0 


0 



35 

23 



TABLE a— Faculty Recruitment in Progress or Completed 
During Academic Year 1983-84 for Engineering Programs in Emerging Areas, 
and Reported Difficulty in Filling Positions 

All Institutions 



Programs that Faculty Programs Unable to 



Program 
Area 


Recruited Faculty 


Recruited 


Fill All Positions 


Number 


Percent 


Number 


Percent 


Number 


Percent 


Total 


349 


100.0 


860 


100.0 


179 


51.4 


Biotechnology 


31 


8.9 


43 


5.0 


21 


65.8 


Computers 


88 


25.3 


289 


33.5 


29 


32.4 


Manufacturing 


47 


13.4 


118 


13.7 


22 


46.3 


Materials 


54 


15.5 


127 


14.7 


43 


79.8 


Microelectronics 


73 


21.1 


178 


20.7 


32 


43.2 


Robotics 


44 


12.6 


89 


10.3 


24 


55.4 


Other 


11 


3.3 


17 


2.0 


9 


80.8 



TABLE 8.1 — Faculty Recruitment in Progress or Completed 
During Academic Year 1983-84 for Engineering Programs in Emerging Areas, 
and Reported Difficulty in Filling Positions 

Public Institutions 



Programs that Faculty Programs Unable to 

Recruited Faculty Recruited Fill Ail Positions 



Area 


Number 


Percent 


Number 


Percent 


Number 


Percent 


Total 


251 


100.0 


664 


100.0 


114 


45.4 


Biotechnology 


23 


9.1 


31 


4.7 


15 


64.7 


Computers 


61 


24.3 


221 


33.2 


13 


20.6 


Manufacturing 


37 


14.6 


95 


14.3 


16 


42.7 


Materials 


37 


14.7 


93 


14.0 


2J 


77.6 


Microelectronics 


52 


20.8 


145 


21.9 


20 


38.4 


Robotics 


34 


13.6 


68 


10.2 


17 


50.2 


Other 


8 


3.0 


12 


1.8 


5 


71.0 



TABLE 8.2 — Faculty Recruitment in Progress or Completed 
During Academic Year 1983-84 for Engineering Programs in Emerging Areas, 
and Reported Difficulty in Filling Positions 

Private Institutions 



Programs that Faculty Programs Unable to 

Recruited Faculty Recruited Fill All Positions 



Area 


Number 


Percent 


Number 


Percent 


Numhor 


Percent 


Total 


98 


100.0 


197 


100.0 


65 


66.5 


Biotechnology 


9 


8.6 


12 


6.3 


6 


68.7 


Computers 


27 


27.8 


68 


34.6 


16 


58.7 


Manufacturing 


10 


10.2 


23 


11.7 


6 


59.8 


Materials 


17 


17.6 


34 


17.3 


15 


84.6 


Microelectronics 


21 


21.8 


33 


16.8 


12 


55.0 


Robotics 


10 


10.0 


21 


10.8 


7 


73.4 


Other 


4 


3.9 


5 


2.6 


4 


100.0 



ERIC 



36 

24 



TABLE 8.3— Faculty Recruitment in Progress or Completed 
During Academic Year 1983-84 for Engineering Programs in Emerging Areas, 
and Reported Difficulty in Filling Positions 

[Top 50 Institutions, by Engineering Degrees] 



Program 
Area 



Total 

Biotechnology 

Computers 

Manufacturing 

Materials 

Microelectronics 

Robotics 

Other 



Programs that 
Reciuited Faculty 



Faculty 
Recruited 



Programs Unable to 
Fill All Positions 



Number 


Percent 


Number 


Percent 


Number 


Percent 


174 


100.0 


478 


100.0 


86 


49.6 


13 


7.2 


15 


3.2 


7 


55.6 


42 


24.0 


167 


34.9 


14 


33.3 


26 


15.2 


67 


14.0 


13 


47.4 


33 


19.2 


76 


16.0 


29 


87.5 


33 


19.2 


103 


21.5 


10 


29.2 


22 


12.8 


46 


9.6 


11 


50.0 


4 


2.4 


4 


0.9 


3 


66.7 



TABLE 8.4— Faculty Recruitment in Progress or Completed 
During Academic Year 1983-84 for Engineering Programs in Emerging Areas, 
and Reported Difficulty in Filling Positions 

[Tcp 50 Institutions, by Research Expenditures] 



Program 
Area 

Total 

Biotechnology 

Computers 

Manufacturing 

Materials 

Microelectronics 

Robotics 

Other 



Programs that 
Recruited Faculty 

Number Percent 



186 

20 
44 
29 
30 
41 
19 
3 



100.0 

10.8 
23.8 
15.4 
16.2 
22.3 
10.0 
1.5 



Faculty 
Recruited 



Number Percent 



489 

23 
169 

66 

67 
124 

37 
3 



100.0 

4.7 
■>4.5 
13.5 
13.7 
25.4 
7.6 
0.6 



Programs Unable to 
Fill All Pdsitions 

Number Percent 



92 

13 
10 
14 
27 
14 
11 
1 



49.2 

64.3 
22.6 
50.0 
90.5 
34.5 
61.5 
50.0 



ERJC 



37 

25 



TABLE 9— Most Important Sources of Qualified 
Applicants for Faculty Positions in Engineering 
Programs in Emerging Areas 

All Institutions 



Program 


First-ranked 


Second-ranked 


Area 


Source 


Source 


Biotechnology 


a 


e 


Computers 


a 


e 


Manufacturing 


a 


e 


Materials 


a 


e 


Microelectronics 


a 


c 


Robotics 


a 


e 


Other 


e 


a 



Sources of applicants listed in the questionnaire: 

a. New doctorate recipients coming from U.S. institutions 

b. New doctorate recipients coming from non-U.S. 
institutions 

c. Doctorate holders comin3 from U.S. industry (with 
research and development experience) 

d. Doctorate holders coming from foreign industry (with 
research and development experience) 

e. Faculty coming from other U.S. institutions 

f. Faculty coming from other departments at the same 
institution 

g. Doctorate holdrrs coming from U.S. postdoctoral 
appointments 

h. Doctorate holders coming from foreign postdoctoral 
appointments 

i. Oii.er 



TABLE 10— Doctoral Students in Engineering Programs 
in Emerging Areas, by Citizenship Status 

All Institutions 



Program 




U.S. 


Non-U.S. 


A*ea 


Total 


Citizens 


Citizens 


Total students 


7496 


4085 


3411 


Biotechnology 


708 


468 


240 


Computers 


1907 


1026 


881 


Manufacturing 


492 


199 


292 


Materials 


2393 


1356 


1037 


Microelectronics 


1291 


623 


667 


Robotics 


447 


240 


207 


Other 


259 


173 


86 



TABLE 10.1— Doctoral Students in Engineering 
Programs in Emerging Areas, by Citizenship Status 

Public Institutions 



Program 




U.S. 


Non-U.S. 


Area 


Total 


Citizens 


Citizens 


Total students 


4316 


2285 


2031 


Biotechnology 


297 


176 


121 


Computers 


1038 


530 


508 


Manufacturing 


394 


158 


236 


Materials 


1366 


770 


596 


Microelectronics 


723 


366 


357 


Robotics 


329 


175 


154 


Other 


170 


111 


59 



TABLE 10.2— Doctoral Students in Engineering 
Programs in Emerging Areas, by Citizenship Status 

Private Institutions 



Program 




U.S. 


Non-U.S. 


Area 


Total 


Citizens 


Citizens 


Total students 


3180 


iftOO 


1380 


Biotechnology 


411 


292 


119 


Computers 


869 


496 


373 


Manufacturing 


98 


41 


57 


Materials 


1026 


585 


441 


Microelectronics 


568 


257 


311 


Robotics 


118 


65 


53 


Other 


90 


63 


27 
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TABLE 10.3— Doctoral Students in Engineering 
Programs in Emerging Areas, by Citizenship Status 

{Top 50 Institutions, by Engineering Degrees) 



Program 




U.S. 


Non-U.S. 


Aree 


Total 


Citizens 


Citizens 


Total students 


4585 


2424 


2161 


Biotechnology 


425 


275 


150 


Computers 


1032 


535 


497 


Manufacturing 


296 


115 


181 


Materials 


1549 


858 


690 


Microelectronics 


800 


374 


426 


Robotics 


336 


186 


150 


Other 


147 


81 


67 



TABLE 10.4— Doctoral Students in Engineering 
Programs in Emerging Areas, by Citizenship Status 

[Other than Top 50 Institutions, by Engineering Degrees] 



Program 




U.S. 


Non-U.S. 


Area 


Total 


Citizens 


Citizens 


Total students 


2911 


1661 


1250 


Biotechnology 


283 


193 


90 


Computers 


875 


491 


384 


Manufacturing 


196 


84 


112 


Materials 


844 


497 


347 


Microelectronics 


491 


250 


241 


Robotics 


110 


54 


57 


Other 


112 


93 


19 



TABLE 10.5 — Doctoral Students in Engineering 
Programs in Emerging Areas, by Citizenship Status 

(Top 50 Institutions, by Research Expenditures) 



Program 




U.S. 


Non-U.S. 


Area 


Total 


Citizens 


Citizens 


Total students 


5263 


3011 


2252 


Biotechnology 


546 


379 


167 


Computers 


1252 


749 


503 


Manufacturing 


330 


150 


180 


Materials 


1716 


966 


750 


Microelectronics 


916 


464 


452 


Robotics 


343 


209 


134 


Other 


160 


94 


66 



TABLE 10.6— Doctoral Students in Engineering 
Programs in Emerging Areas, by Citizenship Status 

(Other than Top 50 Institutions, by Research 
Expenditures) 



Program 




U.S. 


Non-U.S. 


Area 


Total 


Citizens 


Citizens 


Total students 


2233 


1074 


1159 


Biotechnology 


162 


89 


73 


Computers 


655 


277 


373 


Manufacturing 


161 


49 


112 


Materials 


676 


390 


287 


Microelectronics 


375 


159 


216 


Robotics 


104 


31 


73 


Other 


99 


79 


20 



0 



39 



Table 11— Programs in Emerging Areas that Must 
Address Significant Differences in Background and 
Experience of U.S. and N<m-U.S. Doctoral Students 



All Institutions 





Proportion that Must Address Differences 


Program 


Number 


Percent 


Area 


of Programs 


of All Programs 


Total 


103 


22.0 


Biotechnology 


6 


9.7 


Computers 


28 


28.8 


Manufacturing 


13 


21.2 


Materials 


23 


26.3 


Microelectronic 


18 


20.8 


Robotics 


14 


21.2 


Other 


3 


15.5 



Table 11.1— Programs in Emerging Areas that Must 
Address Significant Differences :a Background and 
Experience of U.S. and Non-U.S. Doctoral Students 

Public Institutions 



Proportion that M ust Address Differences 

Program Number Percent 

Area of Programs of All Programs 



Total 


84 


25.6 


Biotechnology 


6 


13.2 


Computers 


21 


31.4 


Manufacturing 


11 


23.7 


Materials 


16 


28.4 


Microelectronic 


17 


28.1 


Robotics 


12 


25.1 


Other 


3 


21.6 



Table 11.2— Programs in Emerging Areas that Must 
Address Significant Differences in Background and 
Experience of U.S. and Non-U.S. Doctoral Students 

Private Institutions 



Proportion that Must Address Differences 

Program Number Percent 

Area of Programs of All Programs 



Total 


18 


13.4 


Biotechnology 


0 


0.0 


Computers 


7 


23.0 


Manufacturing 


2 


12.4 


Materials 


7 


22.6 


Microelectronic 


1 


5.2 


Robotics 


1 . 


9.0 


Other 


0 


0.0 



Table 11.3— Programs in Emerging Areas that Must 
Address Significant Differences in Background and 
Experience of U.S. and Non-U.S. Doctoral Students 

[Top 50 Institutions, by Engineering Degrees] 



Proportion that Must Address Differences 

Program Number Percent 

Area J Programs of All Programs 



Total 


49 


21.7 


Biotechnology 


4 


15.0 


Computers 


11 


24.2 


Manufacturing 


7 


22.7 


Materials 


8 


20.7 


Microelectronic 


10 


24.1 


Robotics 


7 


21.7 


Other 


1 


20.0 



Table 11.4 — Programs in Emerging Areas that Must 
Address Significant Differences in Background and 
Experience of U.S. and Non-U.S. Doctoral Students 

[Top 50 Institutions, by Research Expenditures] 



Proportion that Must Address Differences 

Program Number Percent 

Area of Programs of All Programs 



Total 


5j 


22.3 


Biotechnology 


4 


14.3 


Computers 


13 


28.1 


Manufacturing 


10 


30.4 


Materials 


9 


20.0 


Microelectronic 


10 


24.1 


Robotics 


6 


16.0 


Other 


1 


16.7 
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APPENDIX A: SURVEY INSTRUMENT 



AMERICAN COUNCIL ON EDUCATION 



Higher Education Panel 



June 13, 1984 



Dear Higher Education Panel Representative, 

Enclosed is Higher Education Panel survey number 64, "Engineering Programs in Emerging 
Areas" Sponsored ty the National Science Foundation, its purpose is to obtain information 
about doctoral programs in emerging areas in colleges of engineering. 

Colleges of engineering are establishing programs in a number of areas with applications in 
production and manufiwturing, such as robotics and microelectronics. Previous studies have 
documented some shortages of ftill-time feculty in matfor engineering fields, but there is no 
Information about tiie availability of feculty to staff the programs in the smaller emerging 
areas. This survey was designed to help determine the availability of engineering feculty to 
provide such specialized training and whether there is a sufficient number of engineering 
students in doctoral programs to provide an adequate future supply of new feculty for the 
emerging areas. 

Since the requested information will likely be obtained from several people within the 
college of engineering, we suggest that the survey be directed to the Dean of the college of 
engineering. As usual, however, we leave that decision to you. 

Please be assured that your institution's response will be protected to the tti«.y1t™itt) extent 
permissible by law. As with all our surveys, the data you provide will be reported in 
summary fashion only and will not be identifiable with your institution, except where 
explicitly authorized by you. This survey is authorized by the National Science Foundation 
Act of 1980, as amended. Although you are not required to respond, your cooperation is 
needed to make the results comprehensive, reliable, and timely. 

Please return all completed forms to us by July 6, 1984. If not ail forms have been 
completed by that date, do not delay fomarding those that have been completed. Two 
prepaid envelopes have been enclosed for your convenience. If you have any problems or 
questions, please do not hesitate to telephone us collect at (202) 833-4757. 



Sincerely, 




Prank J. Atelsek 
Panel Director 



One Duponr Circle, Washington, D.C 20036-1 193 (202) 83CM757 



ERLC 
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NATIONAL SCIENCE FOUNDATION 

WASHINGTON DC 20550 



„ nsf * 



OFFICE OF THE 

ASSISTANT DIRECTOR MEMORAjTOUM 
FOR ENGINEERING 



June 13, 1984 

FOR: Deans of Engineering 

FROM: Acting Assistant Director for Engineering 

SUBJECT: Higher Education Panel Survey No. 64, "Engineering Programs in Emerging Areas" 

I am writing to ask your cooperation and assistance in completing the attached survey on 
"Engineering Programs in Emerging Areas" This survey is sponsored tjy the National 
Science Foundation to obtain information about doctoral programs in emerging areas in 
colleges of engineering. The Foundation has asked the Higher Education Panel, a survey 
research program operated by the American Council on Education, to conduct this survey 
for us and we are sending it to 140 colleges of engineering. 

As you are well aware, colleges of engineering are establishing programs in newly-identified 
areas such as biotechnology, robotics, microelectronics, materials and manufecturing. There 
have been several recent studies which have documented shortages on fall-time faculty in 
major engineering fields such as electrical, chemical, etc. However, as of yet, no information 
exists as to the availability of faculty to staff programs in these new areas. This survey will 
help to provide this much needed data, not only as to the availability of feculty with 
qualifications to provide the needed specialized training, but also data on whether the 
number of engineering students in doctoral programs is adequate to provide a fixture supply 
of qualified feculty for these programs. 

We realize that completing this questionnaire will require a substantial effort on the part of 
you and your staff. However, we hope you will agree that obtaining this information will be 
useful. 

Please f6el free to call the Higher Education Panel staff collect at (202) 833-4757 if there are 
any questions or problems in completing this survey. 

Thank you fbr your assistance. 



ERJ.C 



Carl W. HaH 

Acting Assistant Director 
fbr Engineering 
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AMERICAN 
UDUNCILON 
EDUCATION 



American Council on Education 
Higher Education Panel Survey #64 



OMB #31454009 

Exp. 03/31/87 



ENGINEERING PROGRAMS IN EMERGING AREAS, 1983-84 

I. Check below the emerging areas in which your college of engineering now has a doctoral program. Also indicate other cooperating 
units if there are departments outside the engineering college that work with the engineering college in these programs. In which 
areas have doctoral programs been authorized but are not yet in operation? 





Doctoral 


Program Ares in 


Program 


College of Enaineerina 


in Operation 


(include similar titles) 




A. Biotechnology 


□ 


B. Computers 


□ 


C. Manufacturing 


□ 


D. Materials 


□ 


E. Microelectronics 


□ 


F. Robotics 


□ 


G. Other (specify): 






□ 




□ 



Other 
Cooperating 
Units 



Doctoral Program 
Authorized But 
Not Yet in Operation 

□ 
□ 
□ 
□ 
□ 
□ 

□ 
□ 



For this survey, the term "pro- 
gram" is defined to be an organized 
Instructional activity leading to the 
Ph.D., Sc. D., or equivalent degree. 
The programs of interest may be ad- 
ministered either separately or as 
areas of concentration within estab- 
lished departments, but they must 
be within the C ollege of Engineer- 
ing , 



II. May we have your permission to include your institution by name in a list of universities and colleges with engineering programs in 
emerging areas? (None of the information requested below would be released in a manner that would identify your institution.) 



_Yes No 



Do you believe that the availability of h uman resources is the major determining factor in the development of engineering programs in 
these emerging areas? 

Yes No If "no," please explain. 



IV. On the following sheets please provide the requested information for each currently operating program listed in question I above. If 
you have more than one program in a particular area, please provide separate information for each, using separate sheets as needed. 



Thank you for your cooperation. Please keep a copy of this form for your records. Please return all completed forms by July 6, 1984 
to: 

Higher Education Panel 

American Council on Education Person completing form 

One Dupont Circle Suite 829 

Washington, D.C. 20038 

Department/telephone 

Er|c=— — 43 



(DESCRIBE PROGRAMS WITHIN THE COLLEGE OF ENGINEERING ONLY .) 

IV. A. BIOTECHNOLOGY (including similar titles). 

1. Area of specialization 

2. Name of engineering department or unit responsible for this program 

3. Number of faculty — headcount and full-time-equivalent in AY 1983-84— in this program, by academic rank. Of these, how 
many did not receive their bachelor's degree in the U.S.? 

Nee-U.S. 

Ttotoj Bachelor's Perot 

Headceent FTE Headcount FTE 

Professor 

Associate professor 

Assistant professor 

Other ranks 

4a. How many faculty recruitments tare in progress or completed during AY 1983-64 for this program, irrespective of the 
proposed year of employment? (Include all regular faculty recruited as full-time for the institution even if only part-time for 
this program.) 

(If none, enter '0* and skip to item 6 below.) 

b. Were you able, or do you expect to be able, to fill all these positions? 

Yte No 

If *no", please indicate which specialties you are unable tc fill: 



Include onjy refultr ftoutty with full-time ep- 
patntmepta at your toetttutioa fleaee provide both 
the total fceadoount of Acuity irteepecttre of their 
levd oftorohemant in the program, aa venae the 
JUU-tizn*«qulvalent m the program. 

FfcouJty not part of the OoUiee of Engineering 
maybe included if tn^hawam^tnjoftementin 
the pr o gram ^^yyi^n t ^i % manner ftrollfi™ to 
gajgdg^g^aOpnejeoffagaaa^ 



5a. What were the two most important sources of qualified applicants for faculty positions? Rank in order using '1 * for the most 
important source, "2" for the second most important source. 

New doctorate recipients coming from U.S. institutions 

New doctorate recipients coming from non-U.S. institutions 

Doctorate-holders coming from U.S. industry (with research and development experience) 

Doctorate-holders coming from foreign industry (with research and development experience) 

Faculty coming from other U.S. institutions 

Faculty coming from other departments at the same institution 

Doctorate-holders coming from U.S. postdoctoral appointments 

Doctorate-holders coming from foreign postdoctoral appointments 

Other (explain) , 

b. Approximately what proportion of the qualified applicant pool did not have U.S. citizenship? % 

6. Headcount of doctoral students in the program in AY 1983-84, by citizenship: 

U.S. citizens non-U.S. citizens 

7. Are there significant differences in the background and experience of the U.S. and non-U.S. doctoral students that must be 
addressed as part of the program? 

Yes No (If yes, please explain; use back of page if necessary.) 



Thank you for your cooperation. Please keep a copy of this form for your records. Please return all completed forms by July 6, 1984, 
either to your HEP representative or to: 

Higher Education Panel . 

American Council on Education Person completing form 

One Dupont Circle, Suite 829 

Washington, D.C. 20036 

Department/telephone 



(DESCRIBE PROGRAMS WITHIN THE COLLEGE OF ENGINEERING ONLY .) 

IV. B. COMPUTERS (including similar titles). 

1 . Area of specialization 

2. Name of engineering department or unit responsible for this program 

3. Number of faculty— headcount and full-time-equivalent in AY 1983-84 — in this program, by academic rank. Of these, how 
many did not receive their bachelor's degree in the U.S.? 

NM-U.S. 

jjcjwjort Digit 

Hudcowt £TE Hadggmt FTf 

Professor 

Associate professor 

Assistant professor 

Other ranks 

4a. How many faculty recruitments were in progress or completed during AY 1983-84 for this program, irrespective of the 
proposed year of employment? (Include all regular faculty recruited as full-tinr for the institution even if only part-time for 
this program.) 

(If none, enter - 0* and skip to item 6 below.) 

b. Were you able, or do you expect to be able, to fill all these positions? 

Vfes No 

If "no", please indicate which specialties you are unable to fill: 



Include only regulir Acuity with full-time *p- 
po tottaint iityour tt^ 

the total hndoount of ftoutty, Jnvepeottveoftbeir 

ftin-time-equtvilent in to* program. 

faculty not part of the College of Snftnaarmg 
nwtoatocluotttfthaybmftmajtt 

the program mnA tXQCOOSX, 1n ft Tn*nnm» ttwJU* tr> 

the Acuity of the College of fagnctrtpg. 



5a. What were the two most important sources of qualified applicants for faculty positions? Rank in order using "1 4 for the most 
important source, T for the second most important source. 

New doctorate recipients coming from U.S. institutions 

New doctorate recipients coming from non-U.S. institutions 

Doctorate-holders coming from U.S. industry (with research and development experience) 

Doctorate-holders coming from foreign industry (with research and development experience) 

Faculty coming from other U.S. institutions 

Faculty coming from other departments at the same institution 

Doctorate-holders coming from U.S. postdoctoral appointments 

Doctorate-holders coming from foreign postdoctoral appointments 

Other (explain) 

b. Approximately what proportion of the qualified applicant pool did not have U.S. citizenship? % 

6. Headcount of doctoral students in the program in At 1983-84, by citizenship: 

U.S. citizens non-U.S. citizens 

7. Are there significant differences in the background and experience of the U.S. and non-U.S. doctoral students that must be 
addressed as part of the program? 

Yes No (If yes, please explain; use back of page if necessary.) 



Thank you for your cooperation. Please keep a copy of this form for your records. Please return all completed forms by July 6, 1984, 
either to your HEP representative or to: 

Higher Education Panel 

American Council on Education Person completing form 

One Dupont Circle. Suite 829 

Washington. D.C. 20036 ___ 

Department/telephone 
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(DESCRIBE PROGRAMS WITHIN THE COLLEGE OF ENGINEERING ONLY.) 

IV. C. MANUFACTURING (including similar titles). 

1. Area of specialization 

2. Name of engineering department or unit responsible for this program 

3. Number of faculty— headcount and full-time-equivalent in AY 1983-84— in this program, by academic rank. Of these, how 
many did not receive their bachelor's degree in the U.S.? 

NoihU.S. 

Total Bachelor's Dtont 

Headcount FTf Headcount FTE 

Professor 

Associate professor 

Assistant professor _ 

Other ranks 

4a. How many faculty recruitments were in progress or completed during AY 1983-84 for this program, irrespective of the 
proposed year of employment? (Include all regular faculty recruited as full-time for the institution even if only part-time for 
this program.) 

(If none, enter '0* and skip to item 6 below.) 

b. Were you able, or do you expect to be able, to fill all these positions? 

Yfes No 

If "no*, please indicate which specialties you are unable to fill: 



Include onfy regular ftcutty with fun-time gp. 

the total haedoount cf ftcutty, trreepocttveof thatr 
level of lnTdhreiDont in the program, at wiU ai the 
full-ame-equivalent in. the program. 

Faculty not part cf the College of Kngmeermg 
m*ytelacluottlfth^hOT*majOTln^^ 
tha program *ny^frn la % 
theftoul^cftheOoPegecfBngiDeermg. 



5a. What were the two most important sources of qualified applicants for faculty positions? Rank in order using "1 " for the most 
important source, "2" for the second most important source. 

New doctorate recipients coming from U.S. institutions 

New doctorate recipients coming from non-U. S. institutions 

Doctorate-holders con.ing from U.S. industry (with research and development experience) 

Doctorate-holders coming from foreign industry (with research and development experience) 

Faculty coming from other U.S. institutions 

Faculty coming from other departments at the same institution 

Doctorate-holders coming from U.S. postdoctoral appointments 

Doctorate-holders coming from foreign postdoctoral appointments 

Other (explain) 

b. Approximately what proportion of the qualified applicant pool did not have U.S. citizenship? % 

6. Headcount of doctoral students in the program in AY 1983-84, by citizenship: 

U.S. citizens non-U.S. citizens 

7. Are there significant differences in the background and experience of the U.S. and non-U.S. doctoral students that must be 
addressed as part of the program? 

Yes No (If yes. please explain; use back of page if necessary.) 



Thank you for your cooperation. Please keep a copy of this form for your records. Please return all completed forms by July 6, 1984, 
either to your HEP representative or to: 

Higher Education Panel 

American Council on Education Person completing form 

One Dupont Circle, Suite 829 

Washington, D.C. 20036 

Department/telephone 
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(DESCRIBE PROGRAMS WITHIN THE COLLEGE OF ENGINEERING ONLY .) 

IV. D. MATERIALS (including similar titles). 

1. Area of specialization 

2. Name of engineering department or unit responsible for this program . 

3. Number of faculty — headcount and full-time-equivalent in AY 1983-84— in this program, by academic rank. Of these, how 
many did not receive their bachelor's degree in the U.S.? 

NOfhU.S. 

HMdcount FTE Headcount FTf 

Professor 

Associate professor 

Assistant professor 

Other ranks 

4a. How many faculty recruitments were in progress or completed during AY 1983-84 for this program, irrespective of the 
proposed year of employment? (Include all regular faculty recruited as full-time for the institution even if only part-time for 
this program.) 

(If none, enter "0" and skip to item 6 below.) 

b. Were you able, or do you expect to be able, to fill all these positions? 

Yes No 

If "no", please indicate which specialties you are unable to fill: 



5a. What were the two most important sources of qualified applicants for faculty positipns? Rank in order using T for the most 
important source, "2* for the second most important source. 

New doctorate recipients coming from U.S. institutions 

New doctorate recipients coming from non-U. S. institutions 

Doctorate-holders coming from U.S. industry (with research and development experience) 

Doctorate-holders coming from foreign industry (with research and development experience) 

Faculty coming from other U.S. institutions 

Faculty coming from other departments at the same institution 

Doctorate-holders coming from U.S. postdoctoral appointments 

Doctorate-holders coming from foreign postdoctoral appointments 

Other (explain) 

b. Approximately what proportion of the qualified applicant pool did not have U.S. citizenship? % 

6. Headcount of doctoral students in the program in AY 1983-84, by citizenship: 

U.S. citizens rion-U.S. citizens 

7 Are there significant differences in the background and experience of the U.S. and non-U. S. doctoral students that must be 
addressed as part of the program? 

Yes No (If yes. please explain; use back of page if necessary.) 



Thank you for your cooperation. Please keep a copy of this form for your records. Please return all completed forms by July 6, i984, 
either to your HEP representative or to: 

Higher Education Panel 

American Council on Education Person completing form 

One Dupont Circle. Suite 829 

Washington. O.C. 20036 

Department/telephone 



Include only refulir Acuity wtth ftitt-ame ap- 
poi ntm e nt* it your initttuttan. Rene provide both. 
the tout h— doount of Acuity, lrmp t cu v of their 

ftin-time-equr?alent in the program. 

Faculty not put of the Collie of EnftDeexin* 
meybeiiiclud^tftheyhmaxnaaor^ 
the program tad function in * manner similar to 
the Acuity of theCfllegecf Enflnetrtnj 



(DESCRIBE PROGRAMS WITHIN THE COLLEGE OF ENGINEERING ONLY .) 

IV. E. MICROELECTRONICS (including similar titles). 

1. Area of specialization u 

2. Name of engineering department or unit responsible for this program 

3. Number of faculty— headcount and full-time-equivalent in AY 1983-84— in this program, by academic rank. Of these, how 
many did not receive their bachelor's degree in the U.S.? 

NwhU.S. 

Ml tocaelort Dtortc 

Hudcoont FTE Headcoaat BE 

Professor 

Associate professor 

Assistant professor . 

Other ranks 

4a. How many faculty recruitments were in progress or completed during AY 1983-84 for this program, irrespective of the 
proposed year of employment? (Include all regular faculty recruited as full-time for the institution even if only part-time for 
this program.) 

(If none, enter "(P and skip to item 6 below.) 

b. Were you able, or do you expect to be able, to fill all these positions? 

Yes No 

If "no*, please indicate which specialties you are unable to fill: 



5a What were the two most important sources of qualified applicants for faculty positions? Rank in order using '1 " for the most 
important source, *2 r for the second most important source. 

New doctorate recipients coming from U.S. institutions 

New doctorate recipients coming from non-U. S. institutions 

Doctorate-holders coming from U.S. industry (with research and development experience) 

Doctorate-holders coming from foreign industry (with research and development experience) 

Faculty coming from other U.S. institutions 

Faculty coming from other departments at the same institution 

Doctorate-holders coming from U.S. postdoctoral appointments 

Doctorate-holders coming from foreign postdoctoral appointments 

Other (explain) _ 

b. Approximately what proportion of the qualified applicant pool did not have U.S. citizenship? % 

6. Headcount of doctoral students in the program in AY 1983-84, by citizenship: 

U.S. citizens non-U. S. citizens 

7. Are there significant differences in the background and experience of the U.S. and non-U.S. doctoral students that must be 
addressed as part of the program? 

Yes No (If yes, please explain; use back of page if necessary.) 



Include anjy regular ikcufcy with full-time ap- 
po mtmtnu t your Institution PVeeee provide both 
the tool headocunt of ftcuty, irreepecttve of their 
level of involvement in the program, aa mil ae the 
fuU<toe-equrral*nt in the program 

FeoulQr not part of the College of Enginetrmg 
mybetectodedtftheyha^amejort 
the program flm*t^p tn f manner 

thefeouByofthaOonee^ofBngtoeerti^ 



Thank you for your cooperation. Please keep a copy of this form for your records. Please return all completed forms by July 6, 1984, 
either to your HEP representative or to: 

Higher Education Panel 

American Council on Education Person completing form 

One Dupont Circle, Suite 829 
Washington. D.C. 20036 



Department/telephone 



(DESCRIBE PROGRAMS WITHIN THE COLLEGE OF ENGINEERING ONLY .) 

IV. F. ROBOTICS (including similar titles). 

1 . Area of specialization . , 

2. Name of engineering department or unit responsible for this program 

3. Number of faculty— headcount and full-time-equivalent in AY 1983-84— in this program, by academic rank. Of these how 
many did not receive their bachelor's decree in the U.S.? 



Professor 

Associate professor 

Assistant professor 

Other ranks 

4a. How many faculty recruitments were in progress or completed during AY 1983-84 for this program, irrespective of the 
proposed year of employment? (Include all regular faculty recruited as full-time for the institution even if only part-time for 
this program.) 

(if none, enter # 0" and skip to item 6 below.) 

b. Were you able, or do you expect to be able, to fill ell these positions? 

Yes No 

If 'no', please indicate which specialties you are unable to fill: 



NoiMI.S. 



HtjjgOMt 



FTE 



Indu dt aafcr rtfular Jkcutty with, AiU-tttnt ap. 
pa ntnattt i ttyour teaatuflqp. fkmm pwvldi both 
ttat total bndoouitt of Acuity, Jmgptcttvtof tSSr 
Jmlof ln to t f wimii tothtprocranuMirtflMtbt 
JUIl*tlzn»*qutatat to ti» program. 

FfcouBy tp» pin nf ttw OoPgfi vi ftnftnttr^f 
m^tetocludidlfthc^M&xxi^tzxvohf^^ 
tbj pfofpam aoj function in t " ^ nt p subiut 
thtAoukyoft^OojlijioftogawrlM. 



5a. What were the^vo most important sources of qualified applicants for faculty positions? Rank in order using T for the most 
important source, "2* for the -second most important source. 

New doctorate recipients coming from U.S. institutions 

New doctorate recipients coming from non-U.S. institutions 

Doctorate-holders coming from U.S. industry (with research and development experience) 

Doctorate-holders coming from foreign industry (with research and development experience) 

Faculty coming from other U.S. institutions 

Faculty coming from other departments at the same institution 

Doctorate-holders coming from U.S. postdoctoral appointments 

Doctorate-holders coming from foreign postdoctoral appointments 

Other (explain), 



b. Approximately what proportion of the qualified applicant pool did not have U.S. citizenship? % 

6. Headcount of doctoral students in the program in AY 1983-84, by citizenship: 

U.S. citizens non-U.S. citizens 

7. Are there significant differences in the background and experience of the U.S. and non-U.S. doctoral students that must be 
addressed as part of the program? 

Yfes No (If yes, please explain; use back of page if necessary 1 

Thank you for your cooperation. Please keep a copy of this form for your records. Please return all completed forms by July 6 1984 
either to your HE? representative or to: 

Higher Education Panel 



American Council ur. Education Person completing form 

One Dupont Circle, Suite 829 

Washington. D.C. 20036 



Department/telephone 
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(DESCRIBE PROGRAMS WITHIN THE COLLEGE OF ENGINEERING ONLY .) 
IV. G. OTHER 

1 . Area of specialization _ 

2. Name of engineering department or unit responsible for this program „ 

3. Number of faculty— headcount and full-time-equivalent in AY 1983-84— in this program, by academic rank. Of these, how 
many did not receive their bachelor's degree in the U.S.? 

NofhU.S. 

fitol Bachelor* Decree 

Htadcotint FTE Headcount FTE 

Professor 

Associate professor 

Assistant professor 

Other ranks 

4a. How many faculty recruitments were in progress or completed during AY 1983-84 for this program, irrespective of the 
proposed year of employment? (Include all regular faculty recruited as full-time for the institution even if only part-time for 
this program.) 

(If none, enter "0" and skip to item 6 below.) 

b. Were you able, or do you expect to be able, to fill all these positions? 

Yes No 

If *no", please indicate which specialties you are unable to fill: 



5a. What were the two most important sources of qualified applicants for faculty positions? Rank in order using *1 " for the most 
important source, "2" for the second most important source. 

ftiew docto^e recipients coming from U.S. institutions 

N<,w doctorate recipients coming from non-U.S. institutions 

Doclorma-holders cominy from U.S. industry (with research and development experience) 

Ductoratfc-hciders coming from foreign industry (with research and development experience) 

Faculty coming from other U.S. institutions 

Faculty coming from other departments at the same institution 

Doctorate-holders coming from U.S. postdoctoral appointments 

Doctoraterholoers coming from foreign postdoctoral appointments 

Other (explain) '_ 

b. Approximately what proportion of the qualified applicant pool did not have U.S. citizenship? % 

6. Headcount of doctoral students in the program in AY 1983-84, by citizenship: 

U.S. citizens , non-U.S. citizens 

7. Are there significant differences in the background and experience of the U.S. and non-U.S. doctoral students that must be 
addressed as part of the program? 

Yes No (If yss, please explain; use back of page if necessary.) 



Thank you for your cooperation. Please keep a copy of this form for your records. Please return all completed forms by July 8, 1984, 
either to your HEP representative or to: 

Higher Education Panel 

American Council on Education Person completing form 

One Dupont Circle, Suite 829 

Washington, D.C. 20036 

Department/telephone 



Include only regular ftcutty with fall-time Ap- 
pointments at your Institution. Please provide b oth 
the total headcount of Acuity, Irrespective of their 
level of involvement In the program, aa well a* the 
lull-time-equtvalent In the program 

Faculty not part of the College of Engineering 
maybe inclutled if ihey have a major involvement in 
the program and function in a manner similar to 
thelhculty of the Polity of Bn^ 



APPENDIX B: methods summary 



The Higher Education Panel forms the basis of an 
ongoing survey research program created in 1971 by 
the American Council on Education. Its purpose is to 
conduct specialized surveys on topics of current pol- 
icy interest to the higher education community and to 
government agencies. 

The Panel is a disproportionate stratified sample of 
1,040 colleges and universities, divided into two half- 
samples of 520 institutions each. Institutions were 
drawn from the more than 3,200 colleges and univer- 
sities listed in the National Center for Education Sta- 
tistics* Education Directory, Colleges and Univer- 
sities. All institutions in the population are grouped 
according to the Panel's stratification design, which is 
based primarily upon institution type (doctorate- 
granting, comprehensive, baccalaureate, specialized, 
two-year academic or occupational), control (public, 
private), and size (full-time-equivalent enrollment). 
For any given survey, either the entire Panel or an 
appropriate subgroup is used. 

The survey operation is dependent upon a network 
of campus representatives who, through their presi- 
dents, have agreed to participate. The representatives 
receive the Panel questionnaires and direct them to 
the most appropriate campus officials for response. 

The survey instrument (see Appendix A) was 
mailed on June 13, 1984, to 135 Panel institutions 
which, duiing 1981-82, awarded at least one docto- 



rate degree in engineering. Only seven institutions in 
the eligible population of 142 were not in the Panel 
and, consequently, were not sent the survey instru- 
ment. 

In the first section of the instrument, engineering 
deans were asked tc provide summary information 
about the number and kind of emerging program areas 
in which their engineering college offers, or plans to 
offer, a doctoral program. In the second section, indi- 
vidual program heads were asked detailed questions 
about number and rank of faculty, recruitments and 
sources of applicants for faculiy positions, and the 
number and citizenship status of doctoral students in 
the program for each emerging area. 

After mail and telephone follow-ups were com- 
pleted, substantive data were received from 96 in- 
stitutions, for a response rate of 78 percent. (Of the 
originally defined survey population of 142, 19 in- 
stitutions reported no activity in any of the emerging 
areas under study, reducing the population to 123). 
Data from the 96 responding Panel institutions were 
statistically adjusted to represent the national popu- 
lation of 123 colleges and universities that award 
engineering doctorate degrees and offer doctoral pro- 
grams in emerging areas. 

The technical notes (Appendix C) contain a de- 
scription of the weighting methodology and a com- 
parison of respondents and nonrespondents. 



APPENDIX C; TECHNICAL NOTES 



The survey population for this study was defined as 
the doctorate-granting colleges of engineering that 
offered doctoral programs in the emerging areas. 
There were, in total, 142 schools awarding Ph.D.'s in 
engineering. Of these, 135 were Panel members and 
seven were not. Of the 135 Panel members, eighteen 
schools did not have programs in the emerging areas. 
Of the 117 remaining Panel institutions, 96 respond- 
ed to the survey. The seven institutions which were 
not Panel members were contacted by phone: one did 
not have any programs in emerging areas; six did. 
These six institutions as well as 21 Panel institutions 
which did not respond io the survey were treated as 
non-respondents. Thus, substantive data were re- 
ceived from 78 percent of the institutions in the total 
population of 123. 



Non-Response Adjustment 
Procedure 

The Higher Education Panel's (HEP) stratification 
design divides institutions by size (full-time equiv- 
alent enrollment), control (public, private), and type 
(doctoral-granting, comprehensive, baccalaureate, 
specialized, two-year academic or occupational). For 
purposes of non-response adjustment, within the 
HEP stratification design by type and control of in- 
stitutions, post-stratification by number of engineer- 
ing doctorates was used within two of the original 
HEP strata; all other engineering doctorate-granting 
institutions were simply grouped by control as shown 
in table C-l below. The post-stratification grouping 
was judged to produce a more accurate non-response 
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adjustment procedure because institutions within 
groups, by number of engineering degrees awarded, 
are likely to be more homogeneous than when treated 
as an overall class. 

The survey responses were weighted using the non- 
response adjustment weights (as shown in table C-l) 
to calculate estimates for all doctorate-granting col- 
leges of engineering that offered doctoral programs in 
emerging areas. No estimates of sampling error were 
computed because the entire population of institu- 
tions was involved, given the manner of adjustment 
for non-response; the procedure implied that no sam- 
pling process was involved. 



Comparison of Respondents and 
Nonrespondents 

Tbble C-2 compares survey respondents and non- 
respondents and presents the non-response rates on 
the basis of several variables. Higher than average 
response rates were recorded for public institutions 
and those in the South. Institutions in the East and 
West had lower than average response rates. 



TABLE C-l: Post-stratification Groupings 











Non-response 




Type of 






Adjustment 


Cell 


Institution 


Population 


Respon^nt 


Factor 




HEP— public 










doctorate- 










granting: 








01 


Granting 40 
or more 
engineering 










doctorates 


9 


5 


1.800 


02 


Granting 
10-39 engi- 
neering 










doctorates 


36 


33 


1.091 


03 


Granting 1-9 
engineering 










doctorates 


22 


18 


1.222 




HEP — private 










doctorate- 










granting: 








04 


Granting 25 
or more en- 
gineering 










doctorates 


12 


7 


1.583 


05 


Granting 
10-24 

engineering 










doctorates 


10 


7 


1.429 


06 


Granting 1-9 
engineering 










doctorates 


11 


9 


1.222 


07 


HEP— All 
other 










public 


16 


12 


1.333 


08 


HEP— All 
other 










private 


7 


5 


1.400 




Totals 


123 


96 





TABLE C-2: Response Rates and Selected Characteristics 
of Respondents and Nonrespondents 

(In percentages) 



Institutional 
Characteristic 


Respon- 
dents 


Non- 
respondents 


Response 
Rate 


Total 


100.0 


100.0 


78.0 


Control 








Public 


70.8 


55.6 


81.9 


Private 


29.2 


44.4 


70.0 


Region 
East 








21.9 


37.0 


67.7 


South 


33.3 


18.5 • 


86.5 


Midwest 


26.0 


22.2 


80.6 


West 


18.8 


22.2 


75.0 


Top 50 based on Ph.D 








degrees conferred 


37.5 


37.0 


78.3 


Top 50 based on 








research expenditures 


36.5 


51.9 


71.4 



52 

40 
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